Abstract-In this paper, we present the design, development and testing of a salinity sensor system for estuary studies. The sensor was designed keeping size, cost and functionality in mind. The system will be using the LabVIEW program developed by our lab to download and display the data. The microprocessor design of our salinity sensor and a description of our LabVIEW mapping tool are presented below. Our initial laboratory testing shows the salinity sensor system is functional and can be used to display salinity data on a given map.
I. INTRODUCTION
Many new developments have been made to our data-logging salinity sensor over the past year. The creation of this sensor was motivated by many discussions with environmental biologists, who are seeking small, low-cost, data-logging salinity sensors for field work in Willapa Bay in south-western Washington State. We present an updated microprocessor design for the sensor and a newly developed graphical user interface (GUI) using LabVIEW™ that will aid in the analysis of the sensor data.
The salinity sensor (see Fig. 1 for main coil design) has many advantages over commercially available sensors [i] . The expected price range is about $50, which is less expensive than other available sensors with data logging capability. In addition, it is much smaller than commercially available sensors. The sensor can be submersed in water for up to two weeks (the electronics are completely sealed) while salinity is recorded on-board at user-defined intervals. The data can be easily downloaded to a computer in the laboratory, after which the sensor is recharged, cleaned for biofouling and ready to be used again.
In addition to the salinity sensor, a software mapping tool has been developed using LabVIEW™ to assist biologists in viewing and analyzing data from the sensors back in the laboratory. This tool will give a colorcoded movie of the salinity in Willapa Bay over the time period of observation. Figure 1 Salinity sensor prototype.
II. HARDWARE DEVELOPMENTS
In this section, we will describe the updates to our salinity sensor, which we presented in last year's OCEANS conference, [i] . The original coils used for the first stage of sensor developments are no longer available. We were forced to find a different set of coils to use in our sensors. This lead to several design changes in our system. Our original coils react best to an input frequency of 250 kHz and the new design reacts best to a 500kHz frequency. Due to this issue, we decided to change our processor design. Since we are not sure if the new coils will be discontinue in the future or not, we determined that it is best if the user can set the input frequency. Due to this changes in frequency used, AD636 [ii] is used to convert rootmean-square value to DC value.
We also tried several different coil orientations and epoxy filling techniques. Some of our prototypes are shown below. The one shown in Fig. 2 covers our entire electronic circuits.
Figure 2 First prototype of salinity sensor
Each part is spaced generously in order to avoid any heating issues. Sadly, the power to this prototype is somehow disconnected, so we couldn't test it. The one shown in Fig. 3 contained only the set of coils but this did not work either. We believe that the reason was that water could not flow through the center of the coils. Fortunately, we were able to learn from our mistakes and our newly designed sensor is better because of that. 
III. MICROPROCESSOR DESIGN
In this section, we describe the new microprocessor design for our salinity sensor. The core "brain" of the salinity sensor is the microprocessor controller that is embedded inside the sensor. A microprocessor controls the state in which the sensing mechanism is operating. Four states exist, as illustrated in Fig. 4 : the user interface state, transport state, data collection state and idle sleep state. By default, the sensing mechanism is in the idle sleep state, which utilizes a sleep function that reduces microprocessor power usage as low as 100nA. At the base station, by pressing the right command key, the user can move the device to the user interface state, in which the user has the ability to enter the sensor number, set the frequency of the square wave sent to the coil, enter the measurement time interval, report sensor information, transfer data or reset data. From the user interface state, the sensing mechanism is sent to the transport state and will remain so until the user has transported the device to its desired data-acquisition location. Again using the right command, the sensing mechanism is sent to the data collection state and the timing hardware that dictates the passage of time is powered on. The timing hardware interrupts the microprocessor every minute that elapses and once the desired time interval is reached, the sensing mechanism records the salinity. Upon completing its salinity measurements, the microprocessor powers off the timing hardware (to conserve battery life) and is sent back into the idle sleep state. The device remains in this state until the user retrieves it from the water, returns it to be processed, and presses the button, sending it to the user interface state.
IV. FUTURE ADDITIONS TO THE MICROPROCESSOR DESIGN
For future designs of the salinity sensor, we are looking at several design changes. RF communications may be implemented to address two considerations that affect the device's data collection speed and physical integrity. The first consideration would be to transmit salinity data from the device (as it rests in its deployed location) directly to the user, allowing for easy device number identification, quicker data collection, and status reports (including on-location device troubleshooting). The physical apparatus of the device can be simplified by using RF communication to transmit a user interrupt signal, replacing the pushbutton hardware required to implement the user button.
The second consideration, to simplify of the apparatus, will increase its lifespan, as the number of avenues for water leakage is reduced. However, the potential for RF communications to require an antenna that reaches to the surface of the water would replace the physical user button with similar extruding hardware that negates these benefits.
A GPS unit may be added to future generations of the device. Depending on the model, most GPS units transmit large chunks of data called "sentences" every second using a format called NMEA via ASCII serial communications. We are interested in the latitude and longitude data, and perhaps the real time data (if supplied) from the GPS. The PIC18F2525 [iii] microprocessor used in the device can be configured to accept the NMEA sentences through an external interrupt, filtering through the large chunk of data until the latitude and longitude are found and stored to the microprocessors memory for use. 
V. LABVIEW MAPPING TOOL
The biologists we worked with currently use Microsoft Excel to view the recorded data from their sensor. However, we developed an efficient graphical user interface using LabVIEW [iv] . This will be more useful, especially when the number of sensors is increased around the estuary. The goal of the mapping tool is to give the biologist an easy way to view and analyze the information collected by the sensors in the Willapa Bay estuary. The LabVIEW mapping program allows the biologists to conduct a detailed analysis on the salinity of the estuary. The biologists will be able to monitor the salinity for the entire period of observation, and study how the marine organism responses to different levels of salinity.
The biologists will carry a GPS device while placing the sensors around the shoreline of the estuary, and record the geographical coordinates and sensor numbers. The sensors will be hooked onto fixed posts dug into the edges of the estuary. The data will be entered into the LabVIEW mapping program according to the recorded coordinates on the pre-programmed map of the estuary. The salinity sensor will be taking measurements and storing data every 15 minute-intervals for two weeks. After two weeks, the biologists will bring the sensors back to the laboratory and download data from the sensors to the mapping program.
Data from the sensors will be organized by the LabVIEW program according to the pre-recorded sensor number and produce a colored salinity map of the area. The color-coded map of salinity will have a map of the shoreline overlain on it, and the salinity will interpolate between measure points. Figure 5 shows a high level block diagram for LabVIEW Salinity Mapping Program.
A short description of the architecture layout of the program is now described. The salinity mapping program consists of five main modules, a data acquisition module, a planning tool module, a data analysis module, a movie generating module, and spreadsheet generating module. Five modules work cooperatively to create a salinity movie and a data spreadsheet that allows the biologist sees the changes in salinity of the estuary over period of time. Figure 6 shows a block diagram of the LabVIEW Salinity Mapping Program. The sensor data is being acquired by the data acquisition module and stored into a binary file. The binary data will be integrated with the planning tool data by matching the sensor number by executing the data analysis module. After the analysis is done, the file will be stored into a binary file that is usable to generate a salinity movie and a salinity spreadsheet. The biologists request 150 sensors to be dropped around the coastline of the Willapa Bay estuary. Because the drop in time of each sensor is varied, the collected data from each sensor will not have the same time stamp. In order to assist the biologist to collect an analyzable data set, all data must be synchronized. Synchronization provides an advantage of generating a salinity mapping movie of the estuary with approximating time of each movie frame.
To synchronize the data, the data acquisition module needs to know the drop-in time of each sensor. When all the sensors' drop-in times are known, the module will be able to make arithmetic calculation to determine the first data point of a data set. First, the module determines the drop-in time of the last sensor, which marked sensor # 150 in the illustration above. Next, it subtracts each sensor's drop-in time (sensor #1 to sensor #150) from the last sensor drop-in time. Finally, the module takes the difference of each subtraction divides by 15 (assuming the sensors collect salinity data every 15 minutes) to find out the amount of data points need to be removed and determines the first data point of a two weeks data set. The blue region in Figure 7 represents the removed data points collected for the sensors. The yellow region represents the data that will be display on the map. Some of the sensors might have less data then the others due to the later drop-in time. The unavailable data will be filled with zeros, which will not be displayed on the salinity mapping movie.
The LabVIEW mapping program conducts sensors deployment planning, data modification, and generates movie and spreadsheet data all in one program. The desired sensor location can be planned by clicking on the map shown in the left of Figure 8 and the program will provide a estimate GPS value based on three GPS coordinates, upper left, upper right, and bottom left corner, that user provides. This enables biologist to map the salinity sensor on the computer and stored the data electronically. The program also allows the biologist to select the color that pertains to different salinity degrees to be displayed in the salinity movie. This gives the biologist the flexibility to create the salinity movie in their desired representation. 
VI. TESTING AND FUTURE WORKS
At this phase of the development of the salinity sensors system, different magnetic coils orientations are currently being tested to see which set will give the most accurate salinity reading. Once a coils orientation is selected, we will test the system as a whole. We will deploy several sensors in the estuary and collect data for a week then use the LabVIEW program to compare with known data collected using a commercially available sensor. See Fig.  8 for our lab-bench set up of the sensor and electronics.
VII. CONCLUSIONS
We have presented many new developments regarding our salinity sensor system. The biggest is the newly developed GUI using LabVIEW. This would greatly help the users to download and analyze the data. In the future, we hope to generalize this mapping program so that it would work with any other sensors. 
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